Background {#Sec1}
==========

Benign convulsions with gastroenteritis (CwG) are defined as afebrile convulsions accompanying symptoms of gastroenteritis without evidence of laboratory derangement and have an excellent prognosis \[[@CR1], [@CR2]\]. The main causative pathogen of CwG has been known as rotavirus. Since rotavirus vaccine has been introduced in Korea since 2007 (RotaTeq in 2007 and Rotarix in 2008) and viral association of CwG could have changed. Similar to US \[[@CR1]\], a recent nation-wide survey in Korea reported that norovirus was the most prevalent pathogen in acute gastroenteritis, followed by rotavirus \[[@CR2]\]. A small case series in Korea also reported that norovirus was more prevalent than rotavirus in CwG \[[@CR3]\]. Thus, we evaluated the viral association of CwG for patients admitting for recent 2.5 years.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

All hospitalized patients diagnosed with CwG at the Korea University Guro Hospital during 2.5 years between November 2012 and May 2015 were included.

Referring the published papers \[[@CR3], [@CR4]\], CwG was defined as follows: a) seizures accompanying symptoms of gastroenteritis; b) no hypoglycemia or electrolyte imbalance; c) no focal neurologic signs; d) no specific abnormalities on EEG or magnetic resonance imaging; and d) no history of unprovoked seizure. To rule out febrile seizures or epilepsy, patients with (a) fever (\>37.5 °C) during the 12 h before and after seizures or (b) recurrent seizures during the following 6 months were excluded. Clinical and laboratory data were gathered via a chart review.

Virus detection {#Sec4}
---------------

Stool specimens were routinely screened for the presence of norovirus and astrovirus using reverse transcription polymerase chain reaction, and for the presence of rotavirus and enteric adenovirus using enzyme immunoassays, at the National Institute of Health, Korea Center for Disease Control and Prevention. The specimens were also sent to the microbiology laboratory for bacterial culture of *Salmonella*, *Shigella*, and *Campylobacter* species, to exclude bacterial gastroenteritis.

Statistical analysis {#Sec5}
--------------------

We used Mann − Whitney *U* test for comparison of continuous variables. *P* \< 0.05 was considered statistically significant. Analyses were performed with SPSS (ver. 19.0; SPSS Inc., Chicago, IL, USA).

Results {#Sec6}
=======

Microorganisms identified in CwG {#Sec7}
--------------------------------

Total 50 patients were diagnosed with CwG, as shown in Table [1](#Tab1){ref-type="table"}. We failed to collect stool samples of four patients. Consequently, 46 stool specimens were tested for viral study and bacterial culture. Causative diarrheal viruses were detected in 38 (82.61 %) of the fecal specimens. Norovirus was the most prevalent pathogen (29 of 46, 63.04 %), followed by rotavirus (4 of 46, 8.70 %), enteric adenovirus (4 of 46, 8.70 %), and astrovirus (1 of 46, 2.17 %). All bacterial culture results were negative.Table 1Identification of pathogens in patients with benign convulsions associated with mild gastroenteritisNumber of patients50 Not tested4 Tested46  Norovirus29 (63.04 %)  Rotavirus4 (8.70 %)  Enteric adenovirus4 (8.70 %)  Astrovirus1 (2.17 %)  No virus8 (17.39 %)  Bacteria0

Seasonal distribution of viral association with CwG {#Sec8}
---------------------------------------------------

As shown in Fig. [1](#Fig1){ref-type="fig"}, patients were admitted from November through March of each year. Norovirus was commonly identified during the months of November and December. Seasonal predominance was not evident with other viruses.Fig. 1Seasonal distribution of viral association with benign convulsion with gastroenteritis. Norovirus was commonly identified during November and December

Clinical characteristics of norovirus-associated CwG {#Sec9}
----------------------------------------------------

The total number of patients with norovirus-associated CwG was 29; 19 ± 5.39 (mean ± SD) months of age; nine males and 20 females (Table [2](#Tab2){ref-type="table"}). Most of these viruses belonged to genogroup II (28 of 29, 96.55 %). Latency from gastroenteritis to seizure onset was 43.62 ± 18.69 (mean ± SD) hours. Seizures are described as generalized in all patients. Interictal electroencephalogram (EEG) showed transient diffuse (two patients) or focal (two patients) slow waves that were normalized on the following tests. We captured 1 ictal event showing bilateral, posterior onset, rhythmic activities, rapidly spreading to both hemispheres (Fig. [2](#Fig2){ref-type="fig"}) and the EEG showed no interictal epileptiform discharges. Duration of seizure episode was 2.41 ± 2.10 (mean ± SD) minutes. The mean number of seizure events was 2.79 ± 2.82 (mean ± SD), while two of the patients had more than ten seizure events within 5 h (one patient had 11 seizures in 5 h, and the other patient had 13 seizures in 4.5 h). The average elapsed time between the first and the last seizure was 3.45 ± 4.87 (mean ± SD) hours. Intravenous lorazepam was introduced in nine patients and the mean hospital stay was 4.07 ± 3.16 (mean ± SD) days.Table 2Clinical data of patients with Norovirus-positive CwG (*n* = 29)Genogroup I/II,^n^1/28Age (months)19.40 ± 5.39Male/female9/20Latency to seizure onset (hours)43.62 ± 18.69Seizure semiology Focal with secondary generalization0 Apparently generalized29Interictal EEG Focal or diffuse slow waves4 Normal25Seizure duration (minutes)2.41 ± 2.10Number of seizures2.79 ± 2.82Time-span of clusters (hours)3.45 ± 4.87Antiepileptic use (n)9Hospital days4.07 ± 3.16Values are the mean ± SD unless otherwise indicated; *n* number of patients Fig. 2Ictal EEG recording in a patient with benign convulsion with mild gastroenteritis. Bilateral posterior onset, rhythmic, fast activities are rapidly spreading to entire hemispheres

Comparison of clinical and laboratory parameters according to the number of seizures in norovirus-associated CwG {#Sec10}
----------------------------------------------------------------------------------------------------------------

We divided patients with norovirus-associated CwG into two groups according to the total number of seizures (\< 5 times and ≥5 times) (Table [3](#Tab3){ref-type="table"}) and compared the clinical and laboratory variables between the groups. There was no significant difference in age, latency to seizure onset, duration of hospital stay, and laboratory values between the groups of higher and lower number of seizures.Table 3Comparison of clinical and laboratory parameters according to the number of seizuresNumber of seizures*P*-value\<5≥5Number of patients20 (68.97 %)9 (31.03 %)Age (months)17.70 ± 4.7921.33 ± 5.920.93Latency to seizure onset (hours)45.20 ± 18.1340.11 ± 20.550.63Hospital days3.40 ± 1.705.56 ± 4.960.19Laboratory value Leukocytes (/uL)7944.50 ± 2631.638655.56 ± 3153.610.76 CRP (mg/L)9.18 ± 12.9918.64 ± 29.510.75 pH7.34 ± .0637.37 ± .090.46 Base deficit7.67 ± 3.475.04 ± 6.140.49 Uric acid (mg/dL)9.27 ± 1.958.18 ± 2.040.30 BUN (mg/dL)14.35 ± 4.4911.40 ± 3.830.07 Creatine (mg/dL)0.26 ± 0.050.24 ± 0.030.26 Na (mmol/L)134.95 ± 2.26134.78 ± 1.400.53 K (mmol/L)4.31 ± 0.464.478 ± 0.32320.42Values are the mean ± SD unless otherwise indicated; *CRP* C-reactive protein

Discussion {#Sec11}
==========

In our study, norovirus was the most prevalent virus during the study period, followed by rotavirus, enteric adenovirus and astrovirus. Although detection rate of norovirus was lower in our study than that of reported case series (15 of 18 patients) \[[@CR5]\], it was notable that the norovirus was predominantly associated with CwG. Park et al. reported that rotavirus was detected in 8 of 50 CwG patients during 2010 to 2014 \[[@CR6]\]. Of 42 rotavirus-negative patients, further viral studies were performed among 21 patients and norovirus was identified in 15 of 21 patients. Although they did not perform routine viral screening for norovirus, a significant number of patients were positive for norovirus.

Increasing rate of rotavirus immunization and norovirus infection could explain our results. The immunization rate of rotavirus in Korea was reported about 30 % in 2009, and reached 50.2 % in 2012 \[[@CR7], [@CR8]\]. In addition, a recent nation-wide survey reported that norovirus was the most prevalent pathogen in acute gastroenteritis (9.7 %), followed by rotavirus (5.0 %), and other viruses (\< 2 %) \[[@CR2]\].

Seasonally, norovirus was more commonly identified during November and December in our study, while not evident with other viruses. According to the previous report \[[@CR9]\], incidence of norovirus peaks in November and December, whereas rotavirus is more prevalent from January to May. Latency from the symptom onset of gastroenteritis to seizure, the average elapsed time between the first and the last seizure and the number of seizures in norovirus-associated CwG were similar with those previously reported for rotavirus-associated CwG \[[@CR9], [@CR10]\]. Although we could not analyze the difference of the clinical characteristics according to the associated pathogens, other authors reported that the younger age of onset and longer duration of seizures was observed among the CwG patients with norovirus than in the patients with rotavirus. With regard to the frequency of seizure, no difference was noted between norovirus and rotavirus. Carbamazepine treatment shortened the time span of the seizures especially for norovirus associated CwG \[[@CR9]\].

Ictal onset has been demonstrated as focal even if convulsions are described mostly as generalized as our study \[[@CR11], [@CR12]\]. We also captured a focal-onset seizure rapidly evolving to both entire hemispheres on ictal recording (Fig. [2](#Fig2){ref-type="fig"}) while seizure semiology was generalized. Seizures can be variable during episodes even for the same patient \[[@CR12]--[@CR14]\].

Of interest, two extreme cases were noted among the norovirus-associated CwGs in our study; one patient suffered 11 seizures over a period of 5 h and another had 13 seizures over a period of 4.5 h. To compare the difference of clinical pictures according to number of seizures, we divided the norovirus-associated CwG patients into two groups with higher and lower number of seizures but no significant difference was found. We assume that the explosive seizures might be related to a larger viral load or to different viral strains of norovirus. Or it could be a peculiar presentation of norovirus associated CwG. The stool of a patient with an active norovirus infection contained 100 billion virus particles/g of feces \[[@CR15]\], which is 10 times greater than that seen in rotavirus infection \[[@CR16]\]. To elucidate this assumption, viral load should be measured according to the number of seizures and multicenter studies to compare clinical features between norovirus and rotavirus-associated CwGs are needed.

Intravenous lorazepam appeared to be ineffective in our study. Several clinical trials have also mentioned the lack of efficacy of benzodiazepine in CwG \[[@CR17], [@CR18]\]. Other than benzodiazepines, several authors reported beneficial effect of lidocaine and carbamazepine \[[@CR9], [@CR17], [@CR19]\]. Still, there is no consensus regarding drug of choice and the need for treatment. Prospective, controlled clinical trials are needed to demonstrate the necessity and efficacy of anticonvulsants.

Although we could not follow up the patients for years, clinical and neuropsychological outcome of CwG is known as excellent. Recent study reported that none of 81 CwG patients developed epilepsy and only mild attention deficit was detected in less than 5 % of patients with mean follow-up duration of 9.8 years \[[@CR20]\].

Our study has some limitations. Clinical difference between norovirus- and rotavirus-associated CwG was not studied due to small number of rotavirus cases. In addition, we only performed norovirus genogrouping, not genotyping. Future studies could compare clinical differences according to genotyping in norovirus-associated CwGs.

Conclusions {#Sec12}
===========

Norovirus is a common pathogen in CwG. Understanding the viral associations can facilitate recognition of CwG.
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